ABSTRACT Aims/Introduction: To investigate whether the ratio of visceral fat area (VFA) to subcutaneous fat area (SFA; V/S ratio) could be predictive of cardiovascular disease (CVD) as compared with VFA or SFA in patients with diabetes. Materials and Methods: A total of 682 patients with type 2 diabetes (mean age 64 -13 years; 41% women) were enrolled. VFA (cm 2 ) and SFA (cm 2 ) were assessed by a dual bioelectrical impedance analyzer. The patients were divided into four groups according to the quartiles of the V/S ratio. The study end-point was the first occurrence or recurrence of CVD. Results: Over a median follow up of 2.5 years, 21 patients reached the end-point. The number of patients who reached the end-point was increased along with the increasing of the V/S ratio quartiles. The V/S ratio was significantly associated with incident or recurrent CVD (hazard ratio [HR] 1.82, 95% CI: 1.09-3.04, P = 0.021) after adjusting for estimated glomerular filtration rate (HR 0.98, 95% CI: 0.96-1.00), brain-type natriuretic peptide (HR 1.00, 95% CI: 1.00-1.01), use of antiplatelet agents (HR 4.26, 95% CI: 1.63-11.13), coefficient of variation of R-R intervals (HR 0.85, 95% CI: 0.69-1.10) and glycated hemoglobin (HR 1.37, 95% CI: 1.05-1.79). The addition of the V/S ratio to age, estimated glomerular filtration rate, brain-type natriuretic peptide, antiplatelet agents and glycated hemoglobin significantly improved classification performance for CVD using net reclassification improvement (0.60, 95% CI: 0.21-1.00) and the integrated discrimination improvement (0.02, 95% CI: 0.00-0.05). Conclusions: The V/S ratio measured by dual bioelectrical impedance analyzer is an independent predictor of CVD in patients with type 2 diabetes.
INTRODUCTION
Obesity contributes to the development of insulin resistance 1 , type 2 diabetes 2 , dyslipidemia 3 and hypertension 4 , therefore increasing the risk of cardiovascular disease (CVD) 5 . Notably, visceral fat accumulation is strongly associated with metabolic abnormalities and CVD 6, 7 . Even in non-obese individuals, visceral fat accumulation increases the risk of cardiovascular mortality 8 , and the significant association between visceral fat and the burden of arterial stiffness has been reported in non-obese patients with type 2 diabetes as well 9 . Several studies have reported that Asian people including Japanese are susceptible to type 2 diabetes and CVD despite a relatively low body mass index (BMI) [10] [11] [12] . The reason for Asian people having a predisposition to diabetes and CVD is speculated to be that they have a greater amount of abdominal visceral fat relative to abdominal subcutaneous fat compared with Caucasians 13, 14 . Consequently, a direct measure of visceral fat is important to investigate the risk of CVD, particularly in Asian patients with diabetes.
In contrast to visceral fat, it is reported that subcutaneous fat might even be beneficial against metabolic abnormalities 15, 16 . Considering independent effects of both visceral and subcutaneous fat on cardiometabolic risks and CVD, the relative distribution of body fat might be more important than visceral fat area (VFA) or subcutaneous fat area (SFA) per se. Actually, the ratio of VFA to SFA (V/S ratio) has been reported to be more strongly associated with cardiometabolic risks than VFA [17] [18] [19] [20] . Narumi et al. 20 proposed that the V/S ratio is a better predictor of the calcium score of the whole aorta, as a marker of atherosclerosis, than SFA or VFA. In addition, we have recently reported in a cross-sectional study that high VFA with low SFA is an important determinant of carotid atherosclerosis in patients with type 2 diabetes 21 . However, direct evidence is not available as to whether a higher V/S ratio contributes to CVD events in patients with diabetes. We therefore carried out a multicenter, retrospective observational study to examine the relationships between the V/S ratio measured by a dual bioelectrical impedance analyzer (BIA) and the incidence or recurrence of CVD in Japanese patients with type 2 diabetes.
METHODS

Study design and patients
Patients with type 2 diabetes who regularly visited the Tokyo Medical and Dental University Hospital, Tokyo, Japan; Soka Municipal Hospital, Soka, Saitama, Japan; or Shinjyuku Kaijo Biru Clinic, Shibuya, Tokyo, Japan, participated in the present retrospective observational study. Patients aged ≥20 years, who measured VFA and SFA by a dual BIA, were enrolled. We excluded patients with estimated glomerular filtration rate (eGFR) <15 mL/min/1.73 m 2 , those who were receiving hemodialysis, those who were pregnant and those with cancer. Diagnosis of type 2 diabetes was made using the diagnostic criteria of the Japan Diabetes Society 22 . The present study was carried out in accordance with the Declaration of Helsinki. The protocol for this multicenter collaborative research was collectively reviewed by the ethical review committee of Tokyo Medical and Dental University and was approved.
Clinical and biochemical analysis Standardized questionnaires were used to obtain information on medication and medical history. Smoking history was defined as current smoker or non-current smoker. These data were collected on the date closest to the day when dual BIA was carried out. VFA and SFA were calculated at the umbilical level using a dual BIA (DUALSCAN; Omron Healthcare Co., Kyoto, Japan). Although the gold standard for the quantitative assessment of adipose tissue distribution is computed tomography (CT), this technique is expensive, has radiation issues and it is difficult to repeat an inspection. VFA and SFA measured by dual BIA was reported to be as accurate as those measured by CT; 23, 24 therefore, we used dual BIA to evaluate abdominal fat distribution. The determination of glycated hemoglobin (HbA1c) was based on a latex agglutination inhibition assay. HbA1c levels were expressed in accordance with the National Glycohemoglobin Standardization Programs recommended by the Japan Diabetes Society 22 . GFR was estimated using the equation for the Japanese; 25 GFR = 194 9 serum creatinine -1.094 9 age -0.287 ([if female] 9 0.739). Weight and height were measured, and the BMI was calculated based on the following formula: weight in kg divided by height in meters squared. The coefficient of variation of R-R intervals was used for the assessment of diabetic neuropathy.
Definition of cardiovascular events CVD was defined as stroke, unstable angina, myocardial infarction, percutaneous coronary intervention, coronary bypass grafting, angioplasty or major amputation as a result of peripheral arterial disease or cardiovascular death. The study end-point was the first occurrence or recurrence of CVD, and cases were reviewed based on the medical record. -test or Fisher's exact test were used to analyze categorical variables. The Cox proportional hazards model based on time to the end-point was used to calculate the hazard ratio (HR) with 95% confidence interval (CI). An increase in the standard deviation of markers for adiposity (V/S ratio, VFA, SFA and BMI) was used to estimate the risk for the end-point. The following variables were incorporated as covariates in the multivariate Cox regression analysis with a stepwise procedure: age, sex, duration of diabetes, history of CVD, smoking, systolic blood pressure, triglycerides, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, HbA1c, urine albumin excretion, eGFR, brain-type natriuretic peptide (BNP), and the use of insulin, calcium channel blockers, angiotensin receptor blockers, statins, beta-blockers, fibrates, eicosapentaenoic acids and antiplatelet agents at baseline. Cumulative incidence of the end-point of each quartile of the V/S ratio was calculated by the Kaplan-Meier method, and log-rank tests were used for comparison among the four groups. Receiver operating characteristic (ROC) analysis was carried out in order to calculate the areas under the curve (AUC) of the V/S ratio, VFA, SFA and BMI to identify a discriminatory power for the end-point. We further calculated net reclassification improvement (NRI) and the integrated discrimination improvement (IDI) for examining the ability of the V/S ratio, VFA, SFA and BMI to predict the endpoint 26 . Age, eGFR, BNP, use of antiplatelet agents and HbA1c were incorporated into the model. P < 0.05 was regarded as statistically significant. 
Statistical analysis
RESULTS
A total of 682 Japanese patients with type 2 diabetes (mean age 64 -13 years; 41% female) were enrolled in the present study. Table 1 shows the clinical characteristics of study participants according to the quartiles of the V/S ratio at baseline. The proportion of men and smoking, VFA, and triglycerides were increased, along with the increase of the V/S ratio quartiles. There were no significant differences in age, duration of diabetes, history of CVD, systolic blood pressure, logarithmically transformed urine albumin excretion, prevalence of proliferative diabetic retinopathy, coefficient of variation of R-R intervals, HbA1c, low-density lipoprotein cholesterol, alanine transaminase and BNP. Medications are listed in Table 2 . Compared with patients with a low V/S ratio, patients with a high V/S ratio were more frequently receiving fibrates and uric acidlowering agents. During the median follow-up period of 2.50 years (range 0.02-4.18 years), 21 patients reached the end-point including 14 events of coronary artery disease, four events of stroke and three events of peripheral arterial disease. Figure 1 shows the Kaplan-Meier curve of the time to the end-point according to the quartiles of the V/S ratio from Q1 to Q4. The number of patients who reached the end-point were 0 for Q1, five for Q2, six for Q3 and 10 for Q4. The 2-year cumulative incidences of the end-point were 0% for Q1, 3.0% for Q2, 3.2% for Q3 and 4.1% for Q4 (log-rank test, P = 0.085). In the univariate Cox regression analysis, a standard deviation increase in the V/S ratio was significantly associated with an increased risk for the end-point, with a HR of 1.71 (95% CI: 1.12-2.63, P = 0.013; Table 3 ). The association between the V/S ratio and the endpoint remained significant, even after adjustment for covariates (HR 1.82, 95% CI: 1.09-3.04, P = 0.021). In this model, BNP, use of antiplatelet agents and HbA1c were also identified as significant risk factors for the end-point. In contrast, either VFA (HR 1.70, 95% CI: 0.97-2.98, P = 0.066) or SFA (HR 1.07, 95% CI: 0.63-1.83, P = 0.802) were not significantly associated with the end-point in the multivariate model. Figure 2 shows the performance for predicting the end-point among the markers for adiposity. The AUC of the markers were as follows: V/S ratio 0.66 (95% CI: 0.57-0.76), VFA 0.62 Table 1 | Clinical characteristics at baseline according to the ratio of visceral fat to subcutaneous fat area V/S ratio P-value In order to precisely assess and quantify the improvement of risk prediction for the end-point by the markers for adiposity, we created statistical models in which NRI and IDI for V/S ratio, VFA, SFA or BMI were evaluated adjusting for independent variables including age, eGFR, BNP, use of antiplatelet agents and HbA1c, all of which were identified as significant predictors for the end-point in a multivariate logistic regression model. In the analyses, the discrimination effects of adding the V/S ratio, VFA, SFA or BMI were examined. As shown in Table 4 , the addition of the V/S ratio to the model significantly increased the predictive accuracy for the end-point (NRI 0.60, 95% CI: 0.21-1.00, P = 0.003; IDI 0.02, 95% CI: 0.00-0.05, P = 0.048); by contrast, VFA (NRI 0.41, 95% CI: 0.01-0.82, P = 0.046; IDI 0.00, 95% CI: -0.01-0.01, P = 0.83), SFA (NRI 0.12, 95% CI: -0.29-0.53, P = 0.57; IDI 0.00, 95% CI: 0.00-0.00, P = 0.54) and BMI (NRI 0.13, 95% CI: -0.29-0.54, P = 0.55; IDI 0.00, 95% CI: 0.00-0.01, P = 0.48) did not increase the predictive accuracy for the end-point.
DISCUSSION
The present retrospective observational study showed for the first time that the V/S ratio is an independent predictor of incident or recurrent CVD among Japanese patients with type 2 diabetes. A high V/S ratio was significantly associated with an increased risk of CVD, even after adjusting for confounding factors, whereas VFA, SFA and BMI were no longer associated with incident or recurrent CVD. BMI has long been widely used as a marker for excess body fat, but it is difficult to precisely evaluate visceral fat accumulation by BMI 27, 28 . In the present study, we showed that BMI is inferior to the V/S ratio with regard to estimating the risk for incident or recurrent CVD in patients with type 2 diabetes. These data show that direct measurement of both visceral and subcutaneous fat accumulation, and the relative distribution of body fat (balance of visceral and subcutaneous fat accumulation) are clinically important to assess the risk of incident or recurrent CVD in patients with type 2 diabetes.
Although VFA was a significant predictor of cardiometabolic risks, several recent studies reported that the V/S ratio shows a better performance of predicting cardiometabolic risks than VFA. In a population-based cross-sectional study from Korea, participants with a high level of the ratio of the SFA-to-VFA ratio (inverse of the V/S ratio) showed higher high-density lipoprotein cholesterol and lower fasting glucose, resulting in a lower prevalence of metabolic syndrome than those with a low level of the SFA-to-VFA ratio 17 . In the survey of 3,223 participants from the Framingham Heart Study, a higher V/S ratio was significantly associated with cardiovascular risk factors including blood pressure, dyslipidemia and insulin resistance independently of BMI 18 . Katsuyama et al. 19 reported in a crosssectional study comprising obese participants that the V/S ratio was significantly and positively associated with fasting triglyceride levels and brachial-ankle pulse wave velocity, a marker of . However, no data are available on the longitudinal associations of the V/S ratio with incident or recurrent CVD in patients with diabetes. In the present retrospective observational study, we clarified for the first time that diabetes patients with a higher V/S ratio are more likely to develop CVD, and the accuracy of prediction in incident or recurrent CVD is higher in the V/S ratio than those in VFA, SFA or BMI.
ROC analysis and AUC have been widely used to estimate the performance of binary classification. In the present study, performance of the V/S ratio to predict the end-point assessed by ROC analysis seemed to be higher than that of VFA, SFA or BMI. However, it has been pointed out in recent years that AUC might not be suitable to quantify improvements in diagnostic accuracy of the added value to an existing model as a new predictor 26, 29 . Cook 30 reported that the change in AUC can appear small even for new markers that are strongly associated with outcomes. To conquer the disadvantages of ROC analysis, NRI and IDI have been proposed by Pencina et al. 25 as a novel criteria based on reclassification to directly evaluate the extent to which a new predictor improves classification performance. In the present study, NRI for the V/S ratio was 0.60, which shows 60% improvement in the prediction accuracy of the end-point, and which is higher than that for the other markers for adiposity including VFA, SFA and BMI (Table 4) . These results suggest the superiority of the V/S ratio to other markers for adiposity including VFA with regard to the risk prediction of incident or recurrent CVD in patients with type 2 diabetes.
The present study had several limitations. First, the follow-up period was relatively short, and the number of CVD events was small. We included five to six variables in the Cox proportional hazard analysis in the present study. As 5-10 events per variable might be satisfactory for the analysis, the small number of cardiovascular events in this study might reduce the reliability of the analysis. Second, dual BIA was used for the assessment of visceral and subcutaneous adiposity. Although abdominal CT is a reliable standard, dual BIA is non-invasive, has high accuracy 23, 24 and is uncomplicated to examine at a much lower cost than CT. We showed in the present study that the V/S ratio measured by dual BIA was valuable to estimate the risk for CVD in patients with diabetes. Taken together, it is conceivable that dual BIA instead of abdominal CT can be used to evaluate visceral and subcutaneous adiposity. Third, the characteristics of patients in the present study were homogenous, limiting the generalization of the findings. Fourth, we were unable to obtain information on the change of markers for fat distribution during the follow-up period. Fifth, we were unable to carry out the sensitivity analysis by sex. It is well known that women have a higher amount of body fat and store a greater amount of fat in the glutal-femoral region than men, whereas men store a greater amount of fat in the visceral depot. Therefore, the sensitivity analysis by sex should determine whether the V/S ratio could be associated with incident or recurrent CVD. However, we could not develop valid statistical models of each sex because of the small sample size and relatively small number of female patients who reached the end-point (six female patients reached the end-point). Sixth, the present study had a retrospective design, and there might be some selection bias. Further large prospective studies are required to confirm the impact of the V/S ratio for incident or recurrent CVD. Finally, future studies will investigate whether the V/S ratio could predict cardiovascular events in the non-diabetes population or in ethnic groups other than Japanese.
In summary, the present data suggest that a high V/S ratio significantly increases the risk of cardiovascular events, and the predictive performance of the V/S ratio for incident or recurrent CVD is higher than that of VFA, SFA and BMI.
